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(57) Abstract 

A compound of formula (II), or a pharmaceutically acceptable acid additon salt thereof in which formula R, represents a 
six membered heterocyclic ring A comprising one nitrogen atom and bound to the indazole ring system by carbon, the ring 
A being optionally substituted by one or more C,-C 6 alkyl groups; R 2 represents hydrogen, hydroxy, C r C 6 alkyl or C,-^6 
alkoxy; R 3 represents hydrogen, hydroxy, halogen, a C,-C 6 alkyl or alkoxy group, or a group of formula -NO* _-CN, 
-CONH, or -CONHR (R representing a C,-C 3 alkyl group); R,, which may differ from R 3 , represents, hydrogen, hydroxy, 
halogen a C,-C 6 alkyl or alkoxy group, or a group of formula -N0 2 , -CN, -CONH 2 , or -CONHR (R representing a C,-C 3 
alkyl group); R 5 represents hydrogen or halogen; X- represents an anionic moiety the nature of which is such that the com- 
pound of formula (II) is pharmaceutically acceptable and n is 1 or 2. 
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INDAZOLE DERIVATIVES 
This Invention relates to Indazole derivatives, and In 
particular to pyrazolo - and pyrldazlnolndazole derivatives, 
processes for their preparation and pharmaceutical compositions 
containing them. 

05 In Intensive efforts to find a bronchodl latlng agent for the 
treatment of asthma which Is more satisfactory than the xanthine 
derivatives and beta-adrenoreceptor stimulants used at present, 
various Indazole derivatives have been tested. The compound I, 
<2,3-dihydro-7-methyl-9-phenyl-lH-pyrazolo<1 ,2-a)1ndazol ium 

10 bromide) is said to be particularly promising 




It has now been found that certain Indazole derivatives have 
a bronchodl latlng activity which exceeds that of the 
demethyl analogue of compound I and, it Is envisaged, will exceed 
that of Compound I c£r i£. 
15 Accordingly, the present Invention comprises a compound of 

formula II or a pharmaceutical ly acceptable acid addition salt 
thereof: 



II 




X 



/ 
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In which formula Rj represents a six membered heterocyclic ring A 
comprising one nitrogen atom and bound to the Indazole ring 
system by carbon, the ring A being optionally substituted by one 
or more alky! groups; 
05 R 2 represent hydrogen, hydroxy, C1-C5 alkyl or CpC5 alkoxy, 

R 3 represents hydrogen, hydroxy, halogen, a CpC 6 alkyl or 
alkoxy group, or a group of formula -N0 2 , -CN,-C0NH 2 , or -CONHR 
(R representing a alkyl group); 

R4, which may differ from R 3 , represents: hydrogen, hydroxy, 
10 halogen, a C1-C5 alkyl or alkoxy group, or a group of formula 
-N0 2 , -CN,-C0NH 2 , or -CONHR (R representing a C]-C 3 alkyl group); 

R5 represents hydrogen or halogen, 

X" represents an anionic moiety the nature of which Is such 
that the compound of formula II Is pharmaceutical ly acceptable 
15 and 

n 1s 1 or 2. 

In the compound II of the present Invention, the nitrogen 
atom of ring A Is preferably spaced from the carbon of the 
Indazole ring system on which ring A is carried by three carbon 
20 atoms, that Is the nitrogen of ring A fs remotely located from 
the point of connection to the indazole ring system. Ring A may 
be aromatic, saturated or monounsaturated, In the latter case 
suitably adjacent the bond joining ring A to the Indazole ring 
system as In the following case: 



R,: 




25 Compounds of the latter type are of particular Interest. The 
nitrogen may be unsubstltuted or carry a Cj-Cg alkyl group, an 
acyl group of formula -COR 1 In which R r represents a C^-Cg alkyl 
group or a sulphonate group of formula -S0 2 R M , In which R" 
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represents a C r C 3 alkyl or aryl group. 

The substltuent R 2 preferably represents hydrogen, hydroxy, 

CpC 3 alkyl or alkoxy, x" preferably represents hallde and 
especially bromide, the substltuent R 3 : hydrogen, hydroxy, Cj- C 3 
05 alkyl or alkoxy or halogen, the substltuent R 4 : hydrogen, 

hydroxy, C1-C3 alkyl or alkoxy or halogen and n 1s preferably one. 

Typically x"" Is an anionic moiety of one of the following 
acids: hydrochloric, hydrobromlc, sulphuric, nitric, Isethlonlc, 
phosphoric, malelc, sallcyclk, p-toluenesul phonic, tartaric, 

10 citric, lactoblonlc, formic, malonlc, pantothenic, succinic, 
naphthalene-2-sul phonic, benzenesul phonic, methanesul phonic, 
ethanesulphonlc, sulphonlc, carbonic, acetic and benzoic. When 
compound II 1s present 1n the form of an acid addition salt (In 
which case the compound 1s a double salt), the additional anion 

15 present Is generally derived from one of the acids hereinbefore 
described, an acid hallde e.g. hydrobromlde or hydrochloride 
being particularly preferred. 

In compounds of particular Interest both R 4 and R5 represent 
hydrogen R 2 represent hydrogen or C^-Cg alkoxy and R 3 represents 

20 hydrogen, halogen, a Cj-C^ alkyl group or a group of formula 
-N0 2 , -CN, -C0NH 2 , or -CONHR <R representing a C]-C 3 alkyl group). 

The following compounds (and acid salts thereof e.g. 
hydrochlorides) are of particular Interest: 

(1) 2,3-D1hydro-9(l-methyl-l,2,5,6 tetrahydro-4-pyr1dyl)-l-4- 

25 pyrazolo(l,2-a) Indazollum bromide; (11) 2,3-d1hydro-9( 1 -methyl )- 
4-pyr 1 dyl )-l -4-pyrazol o-( 1 , 2a)- 1 ndazol 1 urn broml de ; (111) 
2,3-dlhydro-9(l-methyl)-4-p1per1dyl)-l-4-pyrazolo-(l,2a)- 
Indazollum bromide; (1v) 7-methyl-2,3-d1hydro-9(l-methyl-l ,2,5,6 
tetrahydropyr1dyl)-l-4 pyrazolod ,2-a)- Indazollum bromide; (v) 

30 7-methyl-2,3-d1hydro-9(l- ethyl-1 ,2,5,6 tetrahydropyr1dyl)-l-4- 
pyrazolod ,2-a) Indazollum bromide. In the compounds (1v) and 
(v) R 3 of formula II represents, of course, methyl. 

The present Invention further Includes within a further 
aspect a compound of formula II or a pharmaceutical^ acceptable 

35 acid addition salt thereof for use In therapy and In particular 
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for use In the treatment of prophylaxis of asthma. In a yet 
further aspect of the Invention an asthmatic subject Is treated 
with a compound of formula II or a pharmaceutical ly acceptable 
acid addition salt thereof in an amount effective to dilate the 

05 bronchi . The compound of formula II or a pharmaceutical ly 
acceptable acid addition salt thereof Is generally administered 
1n the form of a composition comprising a pharmaceutical ly 
acceptable diluent or carrier, typically orally, by Injection or 
Inhalation and in unit dosage form. Although It Is envisaged 

10 that precise recommended doses will be established by trial, LD 50 
values Indicate that typically a dose of 50-100mg will be 
administered to human patients at least once and usually twice 
dally. 

Compounds II according to the present invention may be 
15 prepared from the corresponding indazo.le or acid addition salt 
thereof. 

In accordance with a further aspect of the present Invention, 
a process for the production of a compound II or a 
pharmaceutical^ acceptable acid addition salt thereof comprises 
20 treating an indazole of formula III or an acid addition salt 



with a substituted alkane of formula Y-(CH 2 ) n+2 -Z wherein Y and Z 
which may be identical or different, represent moieties capable 
of existence as anions In the presence of a reducing agent such 
25 as a hydride e.g. an alkali metal hydride whereby a compound of 

formula IV Is produced the counterlon Y~ of which Is, when 

necessary, subsequently replaced by a counterlon X~. 



thereof, 
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Treatment of compound III Is generally conducted in a solvent 
such as dimethyl formamlde, the temperature generally being 
maintained at least Initially below 0°C. Subsequent heating to a 
temperature between ambient and 100°C, typically 40-50°C. may be 
05 required. 

In a preferred procedure, after treatment of the Indazole (or 
addition salt) with reducing agent, the reaction mixture 1s 
rendered acidic prior to cycllzatlon. 

In general Y & Z both represent chlorine or bromine and when 

10 a compound II Is required In which X Is other than chloride or 

bromide the compound IV Is treated with a source of X , such as 

an Ion exchange resin, so that Y Is replaced by X . 

In some cases it Is possible to Isolate an Intermediate which 
Is of formula V, or VI or Is an acid addition salt thereof. Such 
15 an Intermediate or a mixture of such Intermediates, on 

application of heat, preferably when In acid solution yields the 
compound II or an addition salt thereof 



V 




/ 
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The solution Is preferably dilute and the solvent Inert. 

Compounds of formula II may be generated by following various 
routes of which those now shown in Sheets I, IA and II below are 
illustrative. It will be appreciated that the routes outlined In 
05 these Sheets overlap considerably. 
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Regents 



I ) 4-Pyrldyl-carboxaldehyde/tetrahydrofuran. 

II) Jones' reagent/propanone. 

III) 6M Hydrochloric acid aq./ethanol. 

05 Iv) Boron tr1chloride/d1chloromethane/4-cyano-pyrid1ne/ 
1,1 ,2,2-tetrachloroethane; aluminium trichloride; 
hydrochloric acid aq. 

v) 10% Pal ladlum-carbon/ethanol /hydrazine hydrate. 

vi) a) 10M Hydrochloric acid aq.; sodium nitrite aq.; sodium 
10 azlde aq.; sodium bicarbonate aq.; hydrazine hydrate/ 

ethanol/ethanoic add. 
b) 10M Hydrochloric acid aq.; sodium nitrite aq.; sodium 
bisulphite aq. 

or c) 10M Hydrochloric add aq.; sodium nitrite aq.; tin 
15 dichlorlde aq. 

vll) l-Methyl-4-p1peridone/2N phosphoric add aq./ethano1c 
add. 

v 1 1 1 > Iodomethane/ethyl ethanoate. 

1x) Borane-di methyl sulphlde/tetrahydrofuran; trl methyl 
20 amine N-ox1de dl hydrate. 

x) Sodium perlodate/methanol aq. 

xi) Sodium borohydrlde/methanol . 
xli) 5M Hydrochloric add aq./ethanol. 

x!H)a) 10M Hydrochloric add aq.; sodium nitrite aq.; sodium 
25 azlde aq.; sodium bicarbonate aq.; hydraziue hydrate/ 

ethanol/ethanolc add. 
or b) 10M Hydrochloric add aq.; sodium nitrite aq.; tin 
dlchloride aq. 

xlv) Sodium hydride/dimethyl methanamide; 1,3-dlbromo- 
30 propane; 0.3MM hydrochloric acid aq. /methanol ; butanol/ 

heat. 
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When an anlllno precursor of an Intermediate of formula III 
has a plane of symmetry (which Intersects the benzene nucleus as 
right angles) the blcycllc product therefrom generally consists 
of only one Isomer. For example the compound 3,5-dlmethylanlllne 
Is readily convertible Into the following compound:- 




Hhen however no such plane of symmetry exists, as 1n 
2-methoxy aniline, a mixture of the following Isomers Is produced: 





It has been found that a halogen substltuent, suitably ortho 
to the -NH 2 group may be used to block the 

10 formation of an unwanted Isomer from an anlllno starting material 
and can be subsequently removed, if desired. This route Is 
Illustrated by the following conversion. 




I® 44, 




/ 
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)5 



20 



25 



The present Invention 1s Illustrated by the following 
examples:- 

U4-Pvrazo1o^(1.2- >a)-Indazol1um Bromide (Compound R77>. 

A. (*) (2>(2.2- >D1methvlDropanam1do)phenvUDvr1d-4-vUmethano1 , 
Butyl lithium (32. Og; O.Smol) 1n hexane was added dropwlse to 

a solution of 2,2-d1methy1propanam1dobenzene (45. Og; 0.25mol) In 
dry tetrahydrofuran (11) at 0*C under nitrogen and then, the 
mixture was stirred at this temperature for two hours. A 
solution of 4-pyr1d1ne-carboxaldehyde (26. 7g) In tetrahydrofuran 
(300ml) was added dropwlse. Following this addition, the 
reaction mixture was stirred for one hour at 0°C and then at 
ambient temperature overnight. After that t the reaction mixture 
was quenched with Ice/water and the tetrahydrofuran was 
evaporated to a minimum volume. The aqueous solution was 
extracted with diethyl ether which was dried, filtered and the 
solvent evaporated to give a brown oil. Silica chromatography 
using petroleum ether: diethyl ether as elutlng solvent gave the 
product (41 .8g; 58%) as a white solid, 
m.p. 154-156°C. 

I.r. 3597 (OH), 3340 (NH) and (00) 1664cm- 1 

'H n.m.r. 9.30 (H, b, NH); 8.41-8.09 (2H t m, aromatic); 

7.51-701 <6H, m, aromatic); 5.90-5.75 (1H, b, 
(CHOH); 1.04 (9K, s, (CH 3 ) 3 ) p. p.m. 

B. ( 2-(2 . 2-D1 meth vl nronaml do)phenvl )-4-pyr 1 dv! -methanone , 
Jones' reagent was added to a solution of 2-(2 t 2-d1methy1- 

propanaml do) phenyl -pyrl d-4-y 1 -methanol ( 38 .Og ; 0. 31mol ) . 1 n 
propanone (400ml) at 0°C until the solution was deep orange. The 
reaction mixture was allowed to stir for thirty minutes, then 
sulphur dioxide saturated propanone was added to destroy any 
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excess of the reagent. Mater was added and the product extracted 
with ethyl ethanoate. The extract was dried, filtered and the 
solvent evaporated to give a yellow oil (35.g; 95X). 
Purification by silica chromatography of a sample gave a small 
05 amount of the pure product as a pale yellow oil. 

I.r. 3310 <NH>, 1683 (NHCO). and (C-0) 1635cm" 1 

n.m.r. 8.90-863 (2H, in, aromatic); 7.79-6.95 (6H, m, 
aromatic); 1.36 (9H, s. (CH 3 ) 3 ) p. p.m. 

C. 2-Aml nophenvl-4-Pvrl dvl -methanone ■ 

10 (From (2-(2,2-d1methylpropanam1do)-phenyl)-4-pyr1dyl- 

methanone). To a stirred solution of (2-(2,2-d1methy1pro- 
panam1do)-phenyl)-4-pyr1dyl -methanone (32. Og; O.llmol) In ethanol 
(400ml), 10M aqueous hydrochloric acid (150ml) and water (100ml) 
were added. The reaction mixture was heated under refluc for 
15 twenty hours, then after cooling, 1t was poured Into water and 
baslf led with 2M aqueous sodium hydroxide. The mixture was 
extracted with diethyl ether. After drying, filtering and 
evaporation of the solvent, a yellow crystalline solid was 
obtained (19. 5g; 87X). 
20 m.p. 162-164°C. 

I.r. 3500, 3360 (NH 2 ) and (C=0) 1635cm -1 

'H n.m.r. 8.95-8.55 (2H, b, NH 2 ); 7.50-6.21 (8H, m. 

aromatic) p. p.m. 
13 C n.m.r. (CD 3 C0 2 D) 106.5 (s); 153.4 (s); 151.4 (s); 147.9 
25 (d); 136.5 (d); 134.9 (d); 124.6 (d); 118.3 (d); 

116 (s); 116.3 (d) p. p.m. 

D. 2-Azl dophenv l-4-pvrl dvl-methanone . 

10M Aqueous hydrochloric acid (100ml) was added dropwlse to a 
stirred solution of 2-am1nophenyl-4-pyr1dyl-methanone (18. Og; 91 
30 mmol) 1n propanone (40ml) at O'C. After the addition of the 
acid, the propanone was removed under reduced pressure and the 
solution cooled again to 0°C. A solution of sodium nitrite 
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(7.5g; 109 mmol) In water (30ml) was then added to the reaction 
mixture followed after 30 minutes by the addition of a solution 
of sodium azlde (14. Ig; 218 mmol) In water (40ml). The mixture 
was then stirred for a further 30 minutes, neutralised with 10% 

05 aqueous sodium bicarbonate solution and extracted with ethyl 
ethanoate. Solvent evaporation of the dried and filtered extract 
gave the crude product (16. 5g; 81%). Purification by silica 
chromatography of a sample gave a small amount of the pure 
product as a yellow oil . 

10 l.r. 2109 (N 3 ) and (C«0) 1675cm" 1 

■H n.m.r. 8.80-8.31 (2H, m, aromatic); 7.41-6.92 (6g, m, 
aromatic) p. p.m. 

E. 3-(4-Pvr1dvl)-1 ndazol e . 

( From 2-az1 dopheny 1 -4-pyr 1 dy 1 -methanone . ) 2-Azl dopheny 1 -4- 
15 pyrldyl-methanone (15. Og; 67 mmol) In absolute ethanol (400ml) 
was refluxed for seven hours, with hydrazine hydrate (65ml; 1.5 
mol) and glacial ethanolc acid (5 ml). The reaction mixture was 
cooled, neutralised with glacial ethanolc acid, water was added, 
and then It was extracted with ethyl ethanoate. The extract was 
20 dried, filtered and the solvent evaporated to give a white solid 
(7.1g; 55%) which was recrystalllsed from diethyl ether to give 
the pure product 1n the form of white needles, 
m.p. - 187-189°C 
l.r. (NH) 3460cm' 1 

25 'H n.m.r. 8.80-8.31 (H, b, NH); 8.10-6.91 (8H f m, 

aromatic) p. p.m. 

F. 1 -Me th vl -4-( 1 ndazol -3-vl )-p vrl d 1 n 1 urn 1 od 1 de 
Iodomethane (4.6g; 33 mmol) was added to a well stirred 

solution of 3-(4-pyrtdyl )-1 ndazol e (6.0g; 30.7 mmol) In ethyl 
30 ethanoate (100ml). The reaction mixture was heated under reflux 
for four hours. The precipitate obtained was separated and the 
solvent was evaporated to a smaller volume from which further 
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product was filtered off to give a total yield of the product 
(8.9g; 86X) as a brown solid, 
m.p. 230°C (decomp.). 

'H n.m.r. 8.85(2H, complex d, pyrldyl); 8.68<2H, complex d, 
05 pyrldyl); 8.28 (1H, d. C(5)-H); 7.43(1H, dd. 

C(6)-H); 7.55 (1H, dd, C(7)-H); 7,72 (1H, d, 
C(8>-H); 4.40OH, s, NCH3). 

G. 3-( 1-Methvl-l .2.5. 6-tet rahvdro-pvr 1 d-4vl )-1 ndazol e . 

Sodium borohydrlde (0.45g) was added In small portions to a 
10 cooled and stirred solution of l-methy1-4-(1ndazol-3-yl >- 
pyrldlnlum Iodide (2.1g; 6.2 mmol) In dry methanol (50ml). The 
reaction mixture was stirred at 0°C for one hour, then the 
solvent was evaporated. The residue was extracted Into 
trkhloro-methane and purified by silica chromatography to give 
15 the pure product as a white solid (1.2g; 92%). 
m.p. 158-159°C. 
I.r. 3462 (NH) and (N-CH3) 2780cm" 1 

•H n.m.r. 8.01-7.75 <1H, m, aromatic); 7.45-6.95 (3H, m, 
aromatic); 6.60-6.35 (1H, m, CH-C); 3.41-2.55 
20 (6H, m, CH 2 ); 2.48 (3H, s, CH>) p. p.m. 

13C n.m.r. (CD3OD): 145.6 (s); 143.1 (s); 130.9 (s); 127.5 
(d); 124.1 <d); 122.2 <d); 122.0 (d); 121.3 <s); 
111.3 (d); 55.2 (t); 52.8 (t); 45.5 (q); 28.0 (t) 
p. p.m. 

25 H. ? . 3-D1 hvdro-9-( 1-methvl -1 .? l fi-tetrahvdroDvr 1 d-4-vl )-1 H- 

Dvrazolo-(1.9-a)-1ndazo Hiim bromide hydrochloride. (R.77 add 
salt) 

Sodium hydride as a 60X dispersion In oil (210mg) was added 
to dimethyl methanamlde (25ml) at 0°C with stirring under a 
30 nitrogen atmosphere. 3-(l-Methyl-l ,2,5,6-tetrahydropyr1d-4-yl )- 
Indazole (1.10g; 5.16 mmol) dissolved 1n dimethyl methanamlde 
(25ml) was added dropwlse to the slurry over ten minutes. The 
reaction mixture was stirred at ambient temperature for thirty 
minutes before being cooled to 0*C. This mixture was added y_ia a 



/ 
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cannula needle dropwlse over ten minutes to a solution of 
1,3-dlbromopropane (1.04g) In dimethyl methanamlde (15ml). After 
thirty minutes, the reaction mixture was allowed to reach ambient 
temperature and was stirred for three hours. The mixture was 

05 quenched on Ice water and extracted with trlchlorome thane. After 
drying over potassium carbonate and magnesium sulphate and 
filtering, the solvent was removed at ambient or lower 
temperature under partial vacuum. Silica chromatography provided 
the Intermediate compound as the least polar product. This 

10 intermediate pale yellow solid (385mg) was taken up In butanol 
(40ml) and 0.33M aqueous hydrochloric acid (3.5ml) was added. 
After refluxlng for two hours, the solvent was removed by 
evaporation. The white solid so obtained was washed with a 
little trlchloromethane and ethyl ethanoate, and then dried, to 

15 give 2,3-d1hydro-9-(l-methyl-l ,2,5,6-tetrahydro-pyr1d-4-yl)-lH- 
pyrazolo-d ,2-a)-1ndazol1um bromide hydrochloride (340mg; 18%). 
m.p. >200°C 

l.r. 3400 (NH) and 2740 (N-OtycnT 1 



•H n.m.r. 8.20-7.15(4H, m, aromatic); 5. 70-6.50(lH, m, 
CH-C); 4.94(2H, t, N-CH:);4.20-4.05(2H, m, 
N-CH:); 3.8O-3.60(2H, m, N-CH 2 ) ;3.25-3.00(4H, m, 
2 x CH:): 2.72(3H, S, N-CH3) p. p.m. 

25 Example 2: 

? , ^-m hvdro-9( 1 -Mpfhvl -1 .2.5 - fi-Tetrah vdro-4-Pvr 1 dvl ) 
1-d-Pvrazolo-n 9-a)-IndazpHum Bromide (Compound R77), 
The title compound was prepared as described In Example 1 

except that compound C was prepared as follows from (2-am1no- 
30 4-chlorophenyl )-4-pyr1dyl-methanone: 

(2-Am1no-4-chlorophenyl)-4- pyrldyl-methanone (120mg; 0.52 

mmpl), prepared according to the literature method, was dissolved 

1n ethanol (15ml) at ambient temperature under nitrogen. 

Palladium 10X on carbon (70mg) was added and the mixture refluxed 



m.s. 
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for thirty minutes. After cooling, the catalyst was removed by 
filtration through eel Ite and the solvent was removed by 
evaporation at reduced pressure. The residue was taken up in 
ethyl ethanoate (80ml), washed with water (15ml), dried over 
05 magnesium sulphate and filtered. Evaporation of the solvent gave 
the impure product which was purified by flash chromatography on 
silica to give the pure product (80mg, 78%), Identical to that 
previously prepared (vide supra). 

Example 3: 

10 7 3-m hvdro-9( 1 -Meth vl -1 . 2 5 , 6-Tetrah vdro-4-Pvr 1 dv 1 ) 

1-4-Pvrazolo-n .2-a)-Inrfa*nHuni Bro mide (Compound R77). 
The title compound was prepared as described 1n Example 1 
except that compound E was prepared from 2-am1nophenyl-4-pyr1dyl- 
methanone using sodium bisulphite: 

15 2-Am1nophenyl-4-pyr1dyl-methanone < 3 . 1 g ; 16 mmol) was 

dissolved In 10M aqueous hydrochloric add (35ml) at 0*C with 
stirring. Sodium nitrite (1.0g> 1n water (7.5ml) was added 
dropwlse over five minutes. After stirring for a further hour 
sodium bisulphite (lOg) was added in portions. After stirring 

20 for thirty minutes at O'C and one hour at ambient temperature, 
the reaction was extracted with ethyl ethanoate (3 x 400ml), 
dried, filtered and the solvent removed under reduced pressure. 
Flash silica chromatography provide slightly Impure indazole 
(630mg; 211). Further silica chromatography provided pure 

25 material (480mg; 16X) Identical to that previous prepared (yJife 
supra)- 

Example 4; 

? ^-mhvdro-9(l-Mp thvi-i.2.5.6-TPtrahvdro-4~Pvr1dvl) 

1- d-Pvrazo1o-(l ?-a)-Tndazol lntn Bromide (Compound R77). 

30 The title compound was prepared as described 1n Example 1 
except that compound E was prepared from 2-am1nophenyl-4-pyr1dyl- 
methanone using tin dlchlorlde: 

2- Am1nopheny1-4-pyr1dy1-methanone (4.9g; 25 mmol) was 
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dissolved In 10M aqueous hydrochloric acid (30ml) at 0°C under a 
nitrogen atmosphere- Sodium nitrite (2.0g) dissolved 1n water 
(8.5ml) was added dropwise over fifteen minutes. After stirring 
for a further hour, tin dlchlorlde dihydrate dig) In water 

05 (100ml) was added dropwise over fifteen minutes. After stirring 
for one hour at ambient temperature, the reaction mixture was 
cooled to 0°C and saturated aqueous sodium carbonate was added 
dropwise until the mixture was basic. This was then evaporated 
to dryness, extracted Into methanol, filtered and the solvent 

10 evaporated. Flash silica chromatography provided the product 
(3.8g; 79%), which was Identical to that previously prepared 
(vide supra). 

Example 5: 

2.3-D1hvdro-9(l-Methv1-1 .2. 5-6-Tetrahvdro-4-Pvr1dvl ) 

15 l-4-PYrazo1o-(K2-a)-IndazoT1um Bromide (Compound R77). 

The title compound was prepared as described 1n Example 1 
except that compound E was prepared from (2-am1no-5-chloro- 
phenyl)-4-pyr1dyl-methanone as follows: 

(2-Am1no-5-chlorophenyl)-4-pyr1dyl-methanone (1 .16g; 5.05 

20 mmol) was dissolved in 10M aqueous hydrochloric acid (5ml) at 0°C 
with stirring and under a nitrogen atmosphere. Sodium nitrite 
(380mg) dissolved in water (1.5ml) was added dropwise over a 
period of about five minutes. After a further thirty minutes, 
sodium bisulphite (3.8g) dissolved In water (20ml) was added 

25 dropwise over ten minutes. The reaction mixture was stirred for 
thirty minutes at 0°C and thirty minutes at ambient temperature. 
The solution was made alkaline with 2M aqueous sodium hydroxide 
and the extracted with ethyl ethanoate (3 x 100ml). The dark red 
coloured extract became golden brown coloured when dried over a 

30 mixture of potassium carbonate and magnesium sulphate. After 
filtering and evaporating the solvent, the Intermediate was 
obtained using radial chromatography on silica as a yellow oil, 
5-chloro-3-(4-pyridy1)-1ndazo1e (450mg; 39%). 
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i.r. (n-h) 2500-3300OIT 1 

'H n.m.r. 8.71 (2H, complex d, pyrldyl); 7.81 (2H, complex 
d, pyrldyl); 7.99 (1H, dd, C(5)-H) 7.42 <2H, m, 
C<7>-H and C (8)-H> p. p.m. 
05 Repetition provided a larger quantity of this Intermediate, a 
portion of which (960mg; 4.2 mrnol) was dissolved 1n ethanol 
(50ml) and hydrazine hydrate (12.5ml >. After adding 10% 
palladium-carbon (500mg) under nitrogen, the reaction mixture was 
refluxed for ten minutes. The catalyst was removed by filtration 
10 then the volatlles were removed under reduced pressure. The 
residue was taken up 1n ethyl ethanoate (250ml), washed with 
water (50ml), dried over magnesium sulphate and filtered. Radial 
silica chromatography of the material, obtained by evaporation, 
provided pure product (550mg; 6tt) as a white solid. Identical to 
15 that previously prepared (vide SUpra>- 

Example 6: 

? ^-nihvdro-9(l-inetvvl)-a -p1per1dvl)-l-4-Dvrazo10- 
n ?a)-1r»dazo11um hromldp (mmnound R78) 

A. 3-M-Methvl-l ? - 5 6-tetra hvdro-4-Pvr1 dvl )-2-methvl 1 ndole . 

20 2-Methyl Indole (50g; 0.38 mol) dissolved In glacial ethanol c 
add (11) was stirred at 70°C (oil bath) and 2N aqueous 
phosphoric acid (250ml) and 1 -me thyl-4-p1 perl done (93.8ml; 0.76 
mol) were added. Stirring was continued at this temperature for 
two hours, after which the reaction was cooled to 0*C dee: water) 

25 and a mixture of 0.88 ammonladce was added, with vigorous 
stirring, until no more brown precipitate formed. This 
precipitate was filtered off, lightly washed with water until 
neutral, dried, filtered and the solvent evaporated to give a 
brown solid (70. 2g; 81%). Recrystalllsatlon of a small sample 

30 gave the pure product 1n the form of off-white needles, from 
diethyl ether and petroleum ether. 



/ 
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m.p. 138-140"C. 

t.r. 3472 (NH); 2788 (N-CH3) cm" 1 . 

«H n.m.r. 1 .46 (1H, b, NH); 2.27-3.23 (4H, m, aromatic); 

4.29 (1H. b, CH); 6.59-7.82 (6H, m, CH 2 ); 7.57 
05 (3H, s. N-CH 3 ); 7.72 (3H, s, Indole CH3) p. p.m. 

m.s. M + 226. 



B. 3-(4-( 1 -Hethvl )-p1 per 1 dv l )-2-methv1 1 ndol e . 

3-(l-Methyl-1 ,2,5, 6-tetrahydro-4-pyridyl )-2-methyl Indole 
(68g; 0.30 mol) was reduced 1n portions. Vigorously stirred 
10 portions <4.0g) of starting material 1n a mixture of ethanol 
(160ml), water <200ml) and 10M aqueous hydrochloric acid (40ml) 
were hydrogenated over 5% palladium on carbon (0.4g; 10% by 
weight) at room temperature until the theoretical volume of 
hydrogen was consumed (400ml). The reaction mixtures were 
15 filtered through cellte, neutralised with 10M aqueous sodium 
hydroxide and, under reduced pressure, evaporated almost to 
dryness and extracted with ethyl ethanoate. The extract was 
dried, filtered and evaporated to give a brown solid (65. 2g; 
95%). Recrystalllsatlon gave the pure product In the form of 
20 yellow crystals, from diethyl ether and petroleum ether, 
m.p. 166-168'C. 
1.r. 3473 (NH); 2790 (N-CH 3 ) cm" 1 

•H n.m.r. 1.91 (1H, b, NH); 2.15-3.22 (4H, m, aromatic); 

6.76-8.52 (9H, m, CH/CH 2 ); 7.66 (6H, s, 2 x CH3) 
25 p. p.m. 

13 C n.m.r. (CDC1 3 ): 135. 3(s); 129. 9(s); 127. 5(s); 120.5(d); 
119.1 (d); 118.7(d); 115.1 (s); 110.2(d); 
56.9(t); 46.7(q); 34.0(d); 32.0(t) p. p.m. 



C. ( 2-Ethanam1dophPnvl)-(4-(l-methvl)-DlDer1dvl)-methanone . 
30 Sodium perlodate (47g; 0.22 mol) In water (600ml) was added 
In allquots to a stirred solution of 
3-(4-( 1 -methyl )-p1 perl dyl)-2-methyl Indole (20g; 0.088 mol) 1n 
methanol (400ml) at room temperature and the white precipitate, 
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which formed throughout the reaction, was periodically filtered 
off. After two days the solution was filtered and, under reduced 
pressure, evaporated almost to dryness. The reaction mixture was 
extracted with trlchloromethane. The extract was dried, filtered 
05 and evaporated to give a brown oil (13.7g, 60%). Silica 
chromatography gave the pure product 1n the form of a yellow oil. 
I.r. 3253 (NH); 2793 (N-CH3); 1690 (NHCOCH3); 1648 

(C-0) cm." 1 

'H n.m.r. 1.12-1.34 (1H, m, aromatic); 1.95-3.03 (3H, m, 
10 aromatic); 6.51-8.40 (9H, m, CH/CH 2 ); 7.67(3H, s, 

N-CH3); 7.77(3H, s, CH 3 ) p. p.m. 
13 C n.m.r. (CD3OD): 208.1 (s); 171.6(s)l 141. 0(s); 

135.2(d); 131.7(d); 124.5(d); 124. 2(s); 122.8(d); 
55.7(t); 46.1 (q); 44.9(d); 29.5(t); 24.9(q) 
15 P-P-m. 



D. (^-Aml nnpheny l l-(4-( 1-methvl )-o1 nerl dvl )-methanone 
• 2-(Ethanam1dophenyl)-(4-(l-methyl)-p1perndyl)-methanone was 
converted Into the title compound by following a standard acid 
hydrolysis procedure. 

20 e. f ?-A7ideDhenv n-(4-(i-methvl)-Diperldvl)-methanone. 

(2-Am1nopheny1)-(4-(l-methyl)-p!per1dy1)-methanone (16. 4g; 75 
mmol) was dissolved with a little warming In 10M aqueous 
hydrochloric acid (200ml> and stirred at 0°C (Ice/water). Sodium 
nitrite (6.75g; 0.98 mol) in water (50ml) was added dropwlse. 

25 After thirty minutes sodium azlde (12.7g; 0.196 mol) In water 
(100ml) was also added dropwlse, and stirring was continued for a 
further thirty minutes. The reaction was neutralised by pouring 
It slowly onto a vigorously stirred mixture of ethyl ethanoate 
and 2M aqueous sodium hydroxide. The ethyl ethanoate was 

30 separated and, after further extracting the aqueous portion with 
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ethyl ethanoate, the organic portions were combined, washed with 
water until neutral, dried, filtered and evaporated to give a 
brown oil (13.2g, 72%). Silica chromatography of a small sample 
gave the pure product 1n the form of a yellow oil. 

I.r. 2791 (N-CH 3 ); 2127 (N 3 ); 1683 (C-0) cm" 1 

05 'H n.m.r. 2.32-3.05 (4H, m, aromatic); 6.54-8.35 (9H, m, 

CH/CH 2 ); 7.71 (3H, s> CH 3 ) p. p.m. 

f. 3^4<i^rthy1)plMrttfYlMiid«Ql«- 

(From (2-azidophenyl )-(4-(l-methyl )-piperidyl )-methanone.) 
(2-Az1do phenyl )-(4-(l -methyl )-p1 perl dyl )-methanone (16.5g; 68 
mmol) in ethanol (400ml) was refluxed with hydrazine hydrate 
(65.5ml; 1.35 mol) and glacial ethanolc acid (10ml) for one day. 
The reaction was neutralised with glacial ethanolc acid, and 
after adding water, evaporating off most of the ethanol under 
reduced pressure and slight baslfl cation of the remaining 
solution, extraction with trichlorome thane, drying, filtering and 
evaporating gave a brown solid (6.0g; 41%). Silica 
chromatography of a small sample gave the pure product as a 
yellow solid. 

m.p. 159-161 0 C. 
i.r. 3472 (NH); 2792 (N-CH,) cnT T 

! H n.m.r. 8.01-6.90 (4H, m, aromatic); 3.44-1.87 (9H, m, 

CH/CH 2 ); 2.37 (3H, s, CH 3 ) p.p>m. 
m.s. H±215; M±-CH 3 200. 

25 G. 2,3-Plhydro-9(l-mgthvl-4-piperidYT)-i"4-pyr»zQlo- 

T.ZftHndazoiium bromide (Compound R78>. 

3-(4-(l-Methyl)p1peridyl)-1ndazole is converted into the 
title compound (R78) by a procedure similar to that described 1n 
Example 1 H. 

30 Example 7; 

2 . 3-Di hvdro-9( 1-methy 1 -4-pi peri dyl )-l-4-pvrazol o- 

1.2a)-1ndazo1ium bromide (Compound R78). 

The title compound was prepared as described in Example 6 



10 



15 



20 
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except that compound F was prepared from 3-< 1 -Methy 1-1 ,2,5,6- 
tetrahydro-pyrld-4-yD-lndazole as follows: 

3-(l-Methy1-l,2,5,6-tetrahydro-pyr1d-4yl)-1ndazole (1.0; 4.6 
mmoD was dissolved In tetrahydrofuran (20ml) at 0°C (1ce/water) 

05 followed by the addition of tri methyl amine N-ox1de dlhydrate 
(1.4g; 13 mmol). The reaction mixture was refluxed for five 
hours, then the solvent was evaporated and the residue was 
dissolved In dlglyme (15ml). After refluxlng for one hour, the 
solvent was evaporated to give a yellow oil (0.4g, 45%). 

10 Purification by silica chromatography gave the product as a 
yellow solid, identical to the product prepared previously (yld£ 
supra ) . 

Example 8: 

1 , 1-m hvdro-9( l-mt>thv1-4-Dl per1dvl)-1-4-DVrazolQ- 

15 l.?a)-mdazoH nm hromlde (Compound R78). 

The title compound was prepared as described in Example 6 
except that compound F was prepared from (2-am1nophenyl)-(4-(l- 
methyD-plperldyD-methanone as follows: 

( 2-Aml nopheny 1 )- ( 4- ( 1 -me thy 1 )-p 1 pe r 1 dy 1 ) -me thanone ( 3 . 1 g , 

20 14.2 mmol) was dissolved 1n 10M aqueous hydrochloric add at 0°C 
with stirring. After fifteen minutes, sodium nitrite (1.30g) In 
water (5.5ml) was added dropwlse over a period of fifteen 
minutes. After stirring for one hour, tin dlchlorlde trlhydrate 
(7.5g) 1n water (60ml) was added dropwlse over fifteen minutes. 

25 The reaction mixture was then allowed to reach ambient 

temperature. After two hours, the reaction was made basic with 
saturated aqueous sodium carbonate and then extracted with 
trlchloromethane. After drying and filtering, the solvent was 
evaporated to give 3-(l-methy1-4-p1per1dyl)-1ndazole (1.2g). 

30 Evaporation of the aqueous phase, extraction Into methanol and 
flash chromatography on silica provided more of the Indazole 
(l.Og: total 2.2g; 72%). The physical properties of the compound 
prepared in this fashion were Identical to those of the material 
obtained by the alternative methods, (y_ld£ supxa). 



WO 89/10924 



PCT/GB89/00517 



- 23 - 



CLAIMS 

1. A compound of formula II or a pharmaceutical ly acceptable 
add addition salt thereof: 



In which formula R] represents a six meriibered heterocyclic ring A 
comprising one nitrogen atom and bound to the Indazole ring 
05 system by carbon, the ring A being optionally substituted by one 
or more CpCg alkyl groups; 

R 2 represent hydrogen, hydroxy, C^C 6 alkyl or CpC 6 alkoxy, 

R 3 represents hydrogen, hydroxy, halogen, a C]-C$ alkyl or 
alkoxy group, or a group of formula -N0 2 , -CN f -C0NH 2 , or -C0NHR 
10 (R representing a C]-C3 alkyl group); 

R4, which may differ from R 3 , represents: hydrogen, hydroxy, 
halogen, a C1-C5 alkyl or alkoxy group, or a group of formula 
-N0 2 , -CN,-C0NH 2 , or -C0NHR (R representing a alkyl group); 

R 5 represents hydrogen or halogen, 

15 X~ represents an anionic moiety the nature of which Is such 
that the compound of formula II 1s pharmaceutical ly acceptable 
and 

n 1s 1 or 2. 

2. A compound according to Claim 1, In which the nitrogen atom 
20 of ring A is spaced by three carbon atoms from the carbon of the 

Indazole ring system on which ring A Is carried. 

3. A compound according to any preceding Claim, In which R] has 
the formula: 



1 
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4. A compound according to Claim 3, In which the nitrogen of 
group R, carries a C r C 6 alkyl group. 

5. A compound according to any preceding claim, 1n which R 2 
represents hydrogen, hydroxy, C r C 3 alkyl or alkoxy. 

05 6. A compound according to any preceding claim. In which X" 
represents hallde. 

7. A compound according to any preceding claim, 1n which R 3 
represents hydrogen, hydroxy. C r C 3 alkyl or alkoxy or halogen. 

8. A compound according to any preceding claim, 1n which R 4 
10 represents hydrogen, hydroxy, C r C 3 alkyl or alkoxy or halogen. 

9. A compound according to any preceding claim, In which n 1s 
one. 

10. A compound according to any preceding claim, In which R 4 and 
R 5 represent hydrogen. 

15 11. A compound according to any preceding claim, 1n which R 2 
represents hydrogen or C^-Cg alkoxy. 

12. A compound which 1s: <1> 2,3-D1hydro-9(l-methy1-l ,2,5,6 
tetrahydro-4-pyr 1 dy 1 >-l -4-pyrazo1o( 1 , 2-a) 1 ndazol 1 urn broml de ; 
(11) 2,3-d1hydro-9-(1-methyl)-4-pyr1dyl)-l-4-pyrazo1o-(l ,2a)- 

20 Indazollum bromide; (111) 2,3-d1hydro-9-(1-methyl)-4-p1per1dyD- 
1-4-pyrazolo-(l,2a)-1 ndazol lum bromide; (1v) 7-methy 1-2, 3- 
d1hydro-9(l-methyl-1,2,5,6 tetrahydropyrldyl )-l-4 pyrazolo- 
(1.2-a)-1ndazol1um bromide or (v) 7-methy 1-2, 3-d1hydro-9(l - 
ethyl-1,2.5,6 tetrahydropyrldyl )-l-4-pyrazolo(l , 2-a) Indazollum 

25 bromide or an add addition salt of such a compound. 
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13. A compound according to any preceding claim for use In 
therapy. 

14. A method for the treatment or prophylaxis of asthma 1n which 
an asthmatic subject Is treated with a compound according to any 

05 of Claims 1 to 12 In an amount effective to dilate the bronchi of 
the subject. 

15. A composition for the treatment or prophylaxis of asthma 
which comprises a compound according to any of Claims 1 to 12 
together with an Inert carrier or diluent. 

10 16. A process for the production of a compound II or a 
pharmaceutical 1y acceptable acid addition salt thereof comprises 
treating an 1'ndazole of formula III or an add addition salt 
thereof, 



III 




with a substituted alkane of formula Y-(CH 2 > n+2 -Z wherein Y and Z 
15 which may be Identical or different, represent moieties capable 
of existence as anions 1n the presence of a reducing agent such 
as a hydride e.g. an alkali metal hydride whereby a compound of 
formula IV Is produced the counterion Y of which Is, when 
necessary, subsequently replaced by a counterion X . 
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17. An Indazole of formula III or an acid addition salt thereof 
' hereinbefore described. 

18. An Intermediate of formula IV or an add addition salt 
thereof hereinbefore described. 

05 19. An intermediate of formula V or VI or an acid addition salt 
thereof hereinbefore described. 
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